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In  December  1974,  the  Automatic  Data  Processing  (ADP)  Center, 

U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  submitted  a pro- 
posal to  conduct  a Corps-wide  Conference  on  Computer-Aided  Design  in 
Structural  Engineering  (CADSE)  to  the  Office,  Chief  of  Engineers  (OCE) . 
OCE  approved  the  proposal  and  efforts  were  started  in  February  1975  to 
conduct  this  Conference.  The  Conference  was  conducted  in  New  Orleans, 
Louisiana,  22-26  September  1975  and  was  attended  by  175  engineers  from 
48  Corps  field  offices,  OCE,  Construction  Engineering  Research  Labora- 
tory (CERL) , and  WES. 

This  volume  contains  the  papers  from  Specialty  Session  F,  State- 
of-the-Corps-Art  on  Stiffness  Methods,  Frames,  and  Military  Construc- 
tion. Mr.  Donald  B.  Baldwin,  General  Engineer,  DAEN-MCE-D,  OCE,  was 
session  chairman  and  presented  a paper.  Other  papers  were  presented 
by  Mr.  William  D.  Ashton,  Chief,  Structures  Section,  NCRED-D,  Rock 
Island  District;  and  Mr.  Daniel  Reynolds,  Structural  Engineer,  SPKED-M, 
Sacramento  District. 

The  Conference  was  successful  due  to  the  efforts  of  a multitude 
of  people.  The  roles  they  played  were  different  but  they  were  all 
directed  towards  making  a concept  on  "instant  dissemination"  work.  The 
Organizing  Committee  for  the  Conference  consisted  of: 

COL  G.  H.  Hilt,  WES 

Mr.  F.  R.  Brown,  WES 

Mr.  D.  L.  Neumann,  WES 

Mr.  J.  B.  Cheek,  Jr.,  WES 

Dr.  N.  Radhakrishnan,  WES — Conference  Coordinator 

Mr.  W.  A.  Price,  WES 

Mr.  G.  S.  Hyde,  WES 

Mr.  D.  R.  Dressier,  LMVD 

Mr.  W.  B.  Dodd,  LMNDE 

Ms.  E.  Smith,  LMNDE 

Mr.  L.  H.  Manson,  LMNDE 

An  OCE  Coordinating  Committee  also  worked  enthusiastically  to 
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ensure  the  success  of  the  Conference.  This  Committee  consisted  of: 

Mr.  C.  F.  Corns 

Mr.  R.  L.  Delyea 

Mr.  R.  F.  Malm,  OCE  Coordinator 

Mr.  L.  G.  Guthrie 

Mr.  D.  B.  Baldwin 

Mr.  R.  A.  McMurrer 

The  New  Orleans  District  did  a remarkable  job  in  playing  hosts 
to  the  Conference. 

There  were  13  division  speakers,  25  moderators,  two  invited 
speakers,  four  technical  speakers,  and  ten  session  chairmen,  who 
shared  the  technical  load  of  the  Conference.  Also,  eight  computer 
vendors  showed  their  wares  to  the  participants. 

The  editor  would  like  to  thank  all  the  individuals  who  served  on 
the  committees  and  the  speakers  and  the  moderators  for  sharing  their 
time  and  thoughts.  Without  them  the  Conference  would  not  have  been 
the  success  it  was.  Mr.  Dressier,  LMVD,  and  Mr.  Price,  WES,  are  spec- 
ially thanked  for  their  technical  guidance  and  assistance. 

This  report  was  edited  by  Dr.  N.  Radhakrishnan,  Research  Civil 
Engineer,  Computer  Analysis  Branch  (CAB)  and  Special  Technical  Assis- 
tant, ADP  Center,  under  the  direct  supervision  of  Mr.  J.  B.  Cheek,  Jr., 
Chief,  CAB,  ADP  Center,  and  the  general  supervision  of  Mr.  D.  L. 
Neumann,  Chief,  ADP  Center. 

The  Director  of  WES  during  the  Conference  and  the  preparation 
of  this  report  was  COL  G.  H.  Hilt,  CE.  Mr.  F.  R.  Brown  was  Technical 
Director. 
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the  designer  prepares  an  idealization  of  the  structure  to  be  analyzed 
and  describes  the  engineering  properties  of  each  member  along  with  the 
location  of  each  nodal  point  in  the  structural  system.  The  computer 
assembles  the  required  properties  of  the  total  system  into  a representa- 
tive matrix.  The  matrix  is  solved,  and  the  engineer  is  provided  with  the 
displacements  of  each  joint  and  the  requested  stresses  in  each  member. 

A designer  requires  time  to  gain  confidence  and  to  understand  the 
computer  program  and  its  inherent  assumptions  and  coding  routines.  Once 
a designer  is  familiar  with  a particular  program  package  and  is  comfort- 
able using  it,  he  should  continue  to  use  it.  Confidence,  gained  through 
repeated  application,  usually  results  in  reduced  design  time  and  conse- 
quently realizes  lower  design  costs.  Each  program  has  advantages  and 
disadvantages,  but  each  results  in  output  consisting  of  displacements 
and  stresses.  Interactive  graphics  routines  will  soon  be  provided  to 
simplify  input  and  display  output.  Programs  with  interactive  graphics 
capability  will  be  favored  by  designers,  and  their  use  should  be 
encouraged . 

Simultaneous  equations  have  been  used  for  many  years  to  express 
the  relationships  between  forces  applied  to  a structural  system  and  the 
resulting  displacements.  Functional  relationships  can  be  written  for 
any  structure  subjected  to  a set  of  forces.  In  the  stiffness  method 
the  equations  take  the  following  matrix  form: 

H - [K]{«} 

where 

H is  a column  matrix  representing  the  force  system 

DO  is  a square  matrix  of  the  stiffness  coefficients 

•|sj.  is  a column  matrix  representing  the  displacements 

A structure  can  be  considered  a collection  of  elements  of  known 
stiffness  behavior.  The  stiffness  coefficients  describing  this  behavior 
must  be  evaluated  for  a specific  structural  configuration  (i.e.  beam, 
truss,  etc.)  being  analyzed,  by  satisfying  the  condition  of  equilibrium 
and  strain  compatibility,  and  the  stress-strain  law  of  the  material.  A 
single  stiffness  matrix  can  be  constructed  that  will  completely  describe 
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the  behavior  of  the  structure.  The  equations  represented  by  the  stiff- 
ness matrix  can  be  assembled  in  an  efficient  manner  on  the  computer. 

The  solution  of  the  structural  stiffness  problem  reduces  to  solving  the 
matrix  equation  for  the  unknown  displacements. 

The  stiffness  matrix  is  square,  positive  definite,  and  symmetrical 
about  the  principal  diagonal.  The  direct  stiffness  procedures  permit 
solution  for  the  unknown  displacements  directly,  using  the  general  stiff- 
ness equations.  Modification  and  conditioning  of  the  structural  stiff- 
ness matrix  are  accomplished  without  destroying  the  banded  symmetrical 
properties  of  the  matrix.  The  direct  stiffness  method  requires  storage 
of  only  one-half  of  the  symmetrical  band  of  the  structure  stiffness 
coefficients,  which  results  in  a significant  reduction  in  computer  mem- 
ory. This  reduction  in  computer  hardware  requirements,  combined  with 
the  application  of  direct  matrix  solution  techniques,  makes  the  direct 
stiffness  method  ideal  for  the  analysis  of  large  structural  systems. 

The  advantages  of  the  stiffness  method  become  obvious  as  the 
engineer  applies  the  procedures  to  increasingly  complex  structures.  The 
simplicity,  compactness,  and  generality  in  analyzing  diversified  struc- 
tural behavior  make  the  method  ideal  for  the  straightforward  develop- 
ment of  computer-aided  design  systems.  The  direct  stiffness  method 
permits  realization  of  the  advantages  of  computer-aided  design  from  its 
initial  introduction  into  the  design  system,  and  permits  continuous 
growth  to  more  sophisticated  systems  as  the  users  develop  and  analyze 
more  complex  applications.  Identical  programming  procedures,  with  slight 
modifications  for  structural  type,  are  used  in  all  direct  stiffness 
applications,  greatly  reducing  programming  time  and  effort  in  the  initial 
development  and  the  learning  time  required  by  new  users.  Consequently, 
conversion  of  the  programs  developed  within  the  Corps  to  available  hard- 
ware involves  routine  programming  procedures  and  a minimal  engineering 
effort . 

The  input  data  required  in  all  programs  represent  a numerical 
characterization  of  the  idealization  of  the  structural  system.  The 
input  data  for  the  majority  of  applications  can  be  divided  into  the 
following  categories : 

i I 1 
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Identification  Data 
Control  Data 
Material  Properties 
Nodal  Point  Description 
Element  Definition 

The  identification  data  should  describe  the  problem  being  ana- 
lyzed. Space  is  usually  allocated  for  the  engineer's  name,  project  num- 
ber, and  structure  identifiers.  The  responsible  engineer  should  sign  a 
listing  of  the  computer  input  after  review  for  correctness. 

The  control  data  are  usually  a single  card  transmitting  the  number 
of  material  cards,  nodal  point  cards,  and  element  cards  which  will  be 
used  to  describe  the  structure.  Using  the  data  provided,  values  are 
inserted  into  computer  memory  establishing  iterative  limits  in  the  com- 
puter routines . 

In  large  structural  systems  consisting  of  more  than  one  material, 
or  in  large  framed  structures  where  identical  section  properties  are  used 
for  many  members , separate  blocks  of  material  data  are  being  used  to 
advantage.  Each  material  or  structural  shape  is  given  a numerical  code. 
These  numerical  codes  index  an  area  in  the  computer  where  data  describing 
the  particular  material  or  section  are  retained.  Each  element  is  as- 
signed the  appropriate  material  code  that  matches  its  characteristics 
with  those  indexed  on  the  material  cards  and  in  computer  memory.  In  sub- 
sequent computer  routines  the  program  sequence  seeks  the  index  mumber 
for  a particular  element  and  uses  the  matching  values  in  evaluating  the 
stiffness  characteristics. 

An  alternate  method  sometimes  found  is  to  specify  the  material 
description  with  the  definition  of  each  element.  This  procedure  allows 
an  unlimited  number  of  materials  to  be  used,  but  substantially  increases 
the  volume  of  input  data  to  be  prepared. 

The  required  nodal  point  information  is  similar  to  the  informa- 
tion necessary  to  accurately  sketch  the  geometry,  loading,  and  boundary 
restraints  of  the  structural  system.  The  geometric  locations  of  each 
nodal  point,  in  structure  coordinates,  must  be  determined  along  with  the 
known  loads  or  boundary  restraints  at  each  node.  One  card  or  line  is 
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usually  used  to  input  these  data  for  each  nodal  point.  This  input 
medium  contains  the  list  of  coordinates,  the  load  or  displacements 
appropriate  to  each  node,  and  a nodal  point  code  number  unique  to  the 
class  of  structure  under  consideration. 

The  nodal  point  code  defines  to  the  computer  the  type  of  boundary 
restraints  or  applied  loads,  if  any,  which  are  located  at  each  node.  The 
nodal  point  code  is  used  in  the  computer  routines  which  assemble  the  load 
vector  and  modify  the  appropriate  equations  in  the  stiffness  matrix  for 
boundary  restraint. 

Two  basic  nodal  point  codes  are  commonly  used.  The  first  is 
identical  to  the  type  code  used  on  the  material  cards.  The  code  assigns 
a number  to  each  possible  arrangement  of  restrained  or  unrestrained  ac- 
tions at  a node. 

When  the  number  of  permissible  degrees  of  freedom  permit  numerous 
combinations,  a digital  nodal  point  code  is  more  convenient.  A code 
number  containing  a digit  location  for  each  permissible  displacement 
action  is  used.  If  the  displacement  is  restrained  at  the  node  being 
described  as  1,  it  is  entered  in  the  corresponding  digit  location  and  the 
value  of  the  restraint  becomes  an  input  value.  If  the  particular  dis- 
placement is  per.  j.tted,  a 0 is  entered  in  the  corresponding  digit  loca- 
tion and  a force  value  becomes  an  input  value. 

Each  element  is  defined  to  the  computer  using  one  input  line  or 
card  containing  the  nodal  point  numbers  of  the  element  and  a material 
index  code  or  a listing  of  the  material  properties . Knowing  the  nodal 
numbers  which  define  the  element  boundary,  the  computer  can  retrieve  the 
associated  nodal  coordinates  from  the  nodal  point  description.  The 
order  of  specifying  the  node  numbers  is  immaterial  to  the  analysis  ex- 
cept in  describing  the  finite  element,  which  is  usually  specified  in  a 
counterclockwise  manner. 

The  first  step  in  the  computer  program  must  allocate  appropriate 
sized  blocks  of  storage  in  computer  memory  for  retention  of  various 
subscripted  variables,  such  as  stiffness  coefficients , used  throughout 
the  program.  The  size  of  each  block  depends  primarily  on  the  following 
characteristics  of  the  system:  (a)  number  of  degrees  of  freedom. 
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(b)  number  of  nodal  points  permissible,  (c)  number  of  elements  permis- 
sible, and  (d)  solution  technique. 

The  number  of  degrees  of  freedom  is  established  by  the  class  of 
structure.  The  number  of  nodal  points  and  number  of  elements  is  differ- 
ent for  each  structural  application.  The  initial  programmer  must  select 
a combination  of  nodal  points  and  elements  representative  of  the  type  of 
problems  to  be  analyzed.  The  engineer  must  be  aware  of  this  arbitrary 
decision  and  modify  the  appropriate  storage  specifications  as  required 
for  special  element-nodal  point  connectivity.  In  large  packages  the 
storage  specifications  are  made  very  large,  so  that  only  very  infrequently 
will  an  application  arise  that  the  system  cannot  handle  without  modifi- 
cation. Unfortunately,  such  liberal  assignment  of  storage  specifications 
must  also  be  paid  for  in  the  solution  of  the  small  frequently  encountered 
problems . 

Continued  and  more  intensive  training  is  required  to  insure  the 
correct  use  of  matrix  analysis  programs.  Training  disseminates  infor- 
mation regarding  program  application  and  aids  in  overcoming  the  natural 
reluctance  to  use  automated  design  techniques.  Management  should  en- 
courage the  evolution  of  computer-aided  design  with  training.  In-house 
programs  frequently  are  more  easily  understood,  operate  at  greatly  re- 
duced costs,  and  provide  the  basis  to  develop  a thorough  understanding 
of  more  sophisticated  techniques. 


COMPUTER-AIDED  DESIGN  FOR  BUILDING  FRAMES 


by 

Daniel  W.  Reynolds* 

Present  State  of  the  Art 

Computers  have  failed,  thus  far,  to  satisfy  some  of  the  pressing 
needs  of  the  structural  engineer,  because  the  state  of  the  art  within 
the  Corps  of  Engineers  consists  of  using  and  developing  "analysis"  type 
programs,  which  means  we  have  succeeded  in  computerizing  one-fifth  of 
the  design  engineer's  work.  Responses  to  the  written  questionnaire  and 
follow-up  telephone  canvases  revealed  that  structural  design  engineers 
within  the  Corps  are  using  a varied  assortment  of  computer  equipment  and 
programs.  These  programs,  listed  in  Appendix  A of  this  paper,  are 
mainly  analysis  type  programs.  They  consist  of  in-house  developed, 
documented,  and  undocumented  programs,  university  research  sponsored, 
single  and  general  purpose  programs  and  programs  available  through 
contracted  computer  services.  For  analysis  type  programs,  the  engineer 
describes  structure  geometry,  loads  and  assumed  member  sizes,  and  uses 
the  computer  to  perform  indeterminate  frame  analysis.  The  analysis 
represents  about  20  percent  of  the  total  design  procedure. 

An  example  two-story,  two-dimensional  steel-frame  problem.  Figure 
1,  was  sent  to  different  districts  for  solution  by  engineers  experienced 
with  using  the  various  programs  available.  The  results  are  included  as 
Appendix  B of  this  paper  for  your  comparison  of  the  different  programs, 
and  as  an  example  of  the  present  computer-aided  design  art  within  the 
Corps  of  Engineers. 


How  I Use  the  Computer 

In  my  district,  the  designing  of  2-D  and  3-D  frames  is  now  limited 
to  the  use  of  analysis  type  programs,  such  as  Wilson  2-D  Frame,  SAP  IV, 


* Structural  Engineer,  Military  Design  Branch,  Sacramento  District. 
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Figure  1.  Steel  frame  problem  used  in  solution  programs 

of  Appendix  B 
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and  GENSAP.  Most  of  the  work  is  being  done  with  SAP  IV;  we  feel  that 
using  SAP  IV,  even  on  small  structures,  is  warranted  in  order  to  stay 
confident  and  efficient  using  the  program.  All  programs  are  run  in  the 
remote  batch  mode.  All  preanalysis  processing  for  input  data  and  post- 
analysis processing  for  design  is  done  by  hand  calculator  and  the  Wang 
700B  programmable  calculator.  The  three  example  structures  done  in  my 
district  on  the  computer  are:  (a)  the  Post  Chapel  Addition  at  the  Pre- 

sidio of  San  Francisco,  California,  (b)  the  Weapon  Evaluation  Facility 
at  Yuma  Proving  Grounds  in  Arizona,  and  (c)  the  Dental  Clinic  at  Fort  Ord, 
Monterey,  California. 

Figure  2 shows  the  interior  of  the  Post  Chapel  at  the  Presidio  of 
San  Francisco.  It  was  built  around  1889  and  went  through  the  1906  San 
Francisco  Earthquake.  We  extended  the  Chapel  and  added  one  new  frame  to 
match  the  existing  ones,  which  were  made  of  4 by  8 timber  beams.  This 
is  an  indeterminate  frame;  there  is  no  tension  rod  between  the  center 
(of  the)  top  and  bottom  chords  and  every  member  is  bending.  A year 
after  the  building  was  completed  the  new  frame  had  deflected  noticeably 
and  repairs  were  required. 
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Figure  3 shows  part  of  the  contract  drawing  of  the  process  we  used 
to  repair  the  deflected  frame.  We  jacked  the  frame  up,  using  370-lb 
force  at  five  panel  points  simultaneously,  thus  restoring  it  to  its 
original  undeflected  shape.  Then  we  added  a chain  between  the  top  and 
bottom  chord  panel  center  points  to  take  tension  (Figure  4)  thus  making 
the  frame  a truss,  which  was  stronger  and  deflected  less.  Chain  was 
used  as  the  tension  member  to  match  the  existing  chapel  decor. 

Figure  5 is  a computer  model  used  to  determine  the  forces  and 
match  the  deflected  shape  of  the  frame.  Four  such  models  were  tried  be- 
fore the  deflected  frame  was  matched.  The  input  model  (straight  lines) 
used  continuous  members  with  pinned  joints  except  for  the  half-lapped 
joint  at  the  center  bottom  chord  connection.  The  forces  were  input 
using  fixed-end  forces  through  the  top  chords.  The  deflected  frame 
(curved  lines)  and  the  member  end  forces  were  now  used  as  input  for  the 
next  computer  model.  Note  the  direction  of  the  member  end  moments. 

Figure  6 is  the  final  computer  model  showing  the  five  jacking 
forces  used  to  restore  the  frame  to  its  original  position  (straight 
lines).  Note  that  the  member  end-moments  have  reversed,  thus  relieving 
the  member  forces  induced  by  the  deflection.  The  Wilson  2-D  Frame  pro- 
gram was  used.  Note  that  pinned  ends  were  required  in  order  to  match  the 
existing  deflected  truss  and  two  materials  (steel  chains  and  timber 
beams)  were  required  to  solve  the  problem. 

Figure  7 illustrates  the  end  elevation  of  the  Weapons  Evaluation 
Facility  at  Yuma,  Arizona.  The  building  is  300  ft  square  and  50  ft 
high. 

Figure  8 shows  the  building  in  cross  section  with  three  spans  of 
55  ft  and  one  of  90  ft.  There  is  a 40-ton  bridge  crane  in  the  high 
bay  and  10-ton  bridge  cranes  in  one  of  the  55-  and  the  90-ft  bays. 

This  building  would  be  very  difficult  to  analyze  without  the  aid  of  the 
computer . 

Figure  9 shows  one  55-ft  bay.  The  high  bay  is  to  the  right  of 
the  figure.  Note  the  cars  in  the  lower  right-hand  side  of  the  figure 
in  relationship  to  the  building  size. 

Truss  T-5,  which  is  symmetrical  about  its  center  line,  is  shown  in 
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ROOF  frame  elevation  NO.  2 


EXIST  ROOF  SHEA  THING 
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GUSSET  PLATE  EACH  SIDE 
LENGTH  AS  REO'D 


PRESSURE  EPOXY  LAP 
JOINT  AFTER  CHAIN  IS  IN 
AND  BEFORE  JACKS  ARE 
REMOVED 


NEW  2 - V STEEL  PL  A TES  3 
BY  WIDTH  OF  TIMBER. 
WELD  SADDLE  TOGETHER 
AFTER  ROOF  FRAME  HAS 
BEEN  JACKED  BACK  INTO 
POSITION 


EACH  SIDE 
GRIND  BOTTOM 


Figure  4.  Chain  placement  on  restored  frame 
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Figure  5.  Trial  computer  model  of  deflected  frame 


Figure  6.  Final  computer  model  of  frame  restored  by  jacking  forces 


Figure  7.  End  elevation  of  Weapons  Evaluation  Facility 

Figure  10.  A 40-ft-wide  door  was  required  between  the  55-  and  90-ft  bays. 
The  regular  building  column  spacing  is  25  ft  on  center;  therefore  Truss 
T-5  must  support  a building  frame  at  its  center  as  well  as  a 10-ton  bridge 
crane  of  different  span  lengths  on  each  side  of  the  truss.  This  required 
a 3-D  analysis  due  to  unsymmetrical  crane  loads  perpendicular  tc  the 
plane  of  the  truss.  Figure  11  shows  completed  Truss  T-5. 

Figure  12  is  the  roof  framing  plan  for  the  dental  clinic  at  Fort 
Lewis,  Washington,  which  was  to  be  site  adapted  for  the  dental  clinic 
at  Fort  Ord,  California.  The  center  portion  is  a 36-in. -deep  open  web 
joist.  Down  each  side  is  a hallway  framed  with  3-in. -deep  channel  sec- 
tions. The  change  in  roof  framing  was  required  to  provide  a mechanical 
duct  space. 

Figure  13  shows  the  mechanical  duct  spaces.  This  limited  space 
prompted  me  to  investigate  a different  roof-framing  system,  one  which 
was  deep  enough  to  act  as  a mechanical-type  loft. 
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Figure  9.  55-ft  bay  of  Weapons  Evaluation  Facility 

Figure  14  is  a cross  section  of  the  new  roof  framing  system  and 
the  mechanical  duct  space  provided. 

Figure  15  is  a picture  of  a section  of  the  new  roof  framing  system, 
a 3-dimensional  space  truss. 

Figure  16  illustrates  a 3-dimensional  space  truss  made  of  double 
angle  top  and  bottom  chords  and  bent  pipes  for  diagonals;  2-in.  square 
tubes  were  used  as  transverse  top  and  bottom  chords. 

Figure  17  shows  the  uniform  4-ft  by  8-in.  depth  of  the  3-D  space 
truss,  which  provides  for  the  mechanical  loft.  This  roof  framing  system 
would  not  have  been  considered  if  it  were  not  for  the  computer  program 
SAP  IV.  The  roof  system  is  symmetrical  about  both  center  lines.  There- 
fore, only  one  fourth  of  the  structure  was  modeled. 

The  computer  model  contained  252  modal  points  and  647  members. 
Therefore,  in  order  to  verify  the  input  data,  it  was  plotted  by  a' Cal 
Comp  Plotter  using  a plotting  subroutine  in  the  program  GENSAP. 

The  estimated  cost  of  the  original  roof  framing  system  was  $96,000. 
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Figure  11.  Truss  T-5  completed 


The  estimated  cost  of  the  3-D  space  truss  system  was  $71,200;  this  rep- 
resented a $24,800  savings.  After  deducting  the  value  engineering  study 
cost  of  $3000  and  the  $3000  redesign  cost,  the  net  savings  is  $18,800. 

These  three  examples  have  shown  the  change  in  design  philosophy 
within  my  district,  from  the  use  of  the  computer  to  solve  a difficult  re- 
pair job,  to  the  design  of  a complicated  conventional  2-D  frame,  to  a 
unique  structural  solution  for  meeting  a functional  requirement  without 
regard  for  limitations  set  by  analytical  methods. 

The  computer-aided  design  procedure  just  illustrated  is  adequate 
in  concept,  but  contains  deficiencies  in  practice.  For  example,  as  stated 
before,  the  GENSAP  program  is  used  for  plotting  because  SAP  IV  does  not 
have  a plot  subroutine.  Therefore,  input  data  must  be  changed  to  run  on 
GENSAP;  at  this  time  the  job  card  deck  is  transmitted  through  a COPE 
1200  terminal  from  the  District  ADP  Center  to  Lawrence  Berkeley  Lab  (LBL) 
at  Berkeley,  California.  There  it  is  run  on  a CDC  7600  Computer,  which 
generates  a plot  tape.  The  plot  tape  is  taken  by  courier  to  the  division 
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Figure  12.  Original  roof  frame  plan  for  dental  clinic 


Figure  13.  Original  mechanical  duct  spaces  for  dental  clinic 


Figure  15.  3-D  space  truss  model  for  dental  clinic 

ADP  Center  to  be  plotted  on  a Cal  Comp  Plotter.  The  plot  is  then  sent 
by  courier  to  our  district.  This  plotting  procedure  takes  a minimum 
of  two  complete  working  days;  if  there  are  any  errors  in  the  input  data, 
the  procedure  is  repeated  until  the  input  data  are  verified. 

We  have  informed  our  ADP  Center  of  this  inconvenience  and  have 
requested  that  they  install  a plotter  in  the  district.  We  have  also  in- 
formed them  that  a plot  program  is  available  for  SAP  IV  from  an  outside 
vendor,  but  nothing  has  been  done  to  improve  the  situation.  1 feel  that 
this  example  of  Inadequate  program  and  equipment  support,  resulting  in 
lost  effort  and  time,  and  generating  ill  will  between  designer  and 
supervisor,  is  typical  of  the  problems  other  districts  are  having  with 
computer-aided  design. 

Restraints  Placed  on  Computer  Usage 
The  inefficient  and  slow  progress  of  computer-aided  design  within 
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Figure  17.  Cross  section  of  dental  clinic  roof  framing  with  ductwork  installed 


the  Corps  has  been  partly  caused  by: 

a.  Small  in-house  design  projects  that  do  not  require  computers 
for  design. 

b.  Discouragement  by  immediate  supervisor  and/or  management. 

c.  Insufficient  training  and  limited  time  for  program  use. 
cl.  Incomplete  ADP  equipment  for  effective  program  use. 

e.  Lack  of  information  on  available  programs. 

_f.  Incomplete  pre-  and  post-analysis  processing  capability  for 
existing  programs. 


These  restraints  all  add  to  the  frustrations  of  the  design  engineer  and, 
when  design  schedules  are  missed,  to  lost  confidence  by  the  supervisor. 

Small  in-house  design  projects  are  a direct  result  of  the  inability 
to  meet  design  schedules  and  to  solve  complicated  structures.  Therefore, 
they  are  the  results  of  not  using  computers  as  a design  aid.  Computers 
can  be  used  on  small  jobs  for  items  such  as  continuous  beams  and  frame 
moments,  design  of  slabs,  beams,  columns,  and  footings.  They  can  calcu- 
late shear  wall  rigidity,  thereby  shortening  design  time.  Small  jobs 
then  lead  to  larger  jobs  and  more  complicated  designs  which  encourage 
better  work  and  make  the  design  engineer  more  enthusiastic.  A word  of 
caution,  positive  results  must  be  demonstrated  each  step  of  the  way. 


Suggested  Improvements  for  Computer  Usage 


We  can  improve  the  educational  programs. 

a.  Engineers  and  management  have  to  be  convinced  that  computer- 
aided  design  was  developed  to  shorten  design  schedules  by 
eliminating  repetitious  work.  This  gives  the  design  engineer 
more  time  to  spend  on  unique  and  creative  design  projects. 

b^.  The  Corps  must  provide  better  training  of  the  design  engineer 
in  the  technical  application  of  the  program.  We  ought  to  have 
short  courses  and  workshops  on  SAP  IV,  STRUDL,  ANSYS,  etc., 
and  provide  "hands  on"  practice  in  using  the  time-sharing 
terminals  and  other  equipments,  so  the  designer  can  use  the 
program  efficiently. 

£.  We  can  have  the  ADP  Center  demonstrate  the  equipment  and  pro- 
grams already  available  within  the  Center.  In  far  too  many 
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cases,  the  districts  already  have  capabilities  which  the  de- 
signers are  not  using. 

jl.  We  need  to  have  demonstrations  by  vendors  and  in-house  organ- 
izations to  expose  management  and  supervisors  to  available 
computer-aided  design  techniques  and  equipment  and  to  present 
an  overview  of  new  approaches  to  existing  engineering  problems. 

We  can  evaluate  what  ADP  equipment  and  services  are  needed  by  the 
district  for  effective  program  usage  and  take  action  for  their  procure- 
ment. We  need: 

a.  Graphic  terminals  or  Cathode  Ray  Tube  Terminals  (CRT) , which 
are  television  type  screen  units  used  for  input  and  output  in 
time-sharing  program  usage. 

b.  Graphic  input  devices  for  generating  input  data.  A graphical 
device  is  generally  an  electronic  light  table  with  an  elec- 
tronic pencil  or  mouse  for  tracing  a drawing  and  converting 
its  information  into  numbers  for  use  by  the  computer.  Its  use 
can  accelerate  the  input  of  frames  and  finite  element  grids. 

£.  Flat  bed  or  drum  plotters  for  plotting  input  and  output  for 
such  items  as  deflected  shapes,  principal  stresses,  stress 
contours,  schedules  of  member  sizes,  and  reinforcing  steel 
bars,  etc. 

cl.  Contracts  with  outside  vendors'  services  such  as  MCAUTO 

(McDonald  Douglas  Automation  Company),  BCS  (Boeing  Computer 
Services,  Inc.),  SDRC  (Structural  Dynamics  Research  Corpora- 
tion), CDC  (Control  Data  Corporation),  etc. 

We  can  expand  the  Engineering  Computer  Program  Library  (ECPL)  and 
their  listing  of  accepted  programs. 

a.  The  library  should  maintain  a listing  of  programs  which  are 
currently  under  development,  because  many  programs  are  being 
written  and  not  documented  due  to  lack  of  time  and  funds. 

b.  The  library  should  promote  official  and  unofficial  channels  of 
communication  between  designers  and  districts  for  sharing 
ideas  and  programs.  The  "Engineering  Computer  Notes"  pub- 
lished by  WES  is  one  method  of  communication.  Another  method 
is  to  designate  computer-oriented  design  engineers  as  ADP 
design  coordinators  in  each  district  (similar  to  present 
coordinators  in  ADP  Section). 

We  can  determine  programs  needed  within  the  district's  set  prior- 
ities and  start  developing  or  procuring  them. 

Although  many  programs  are  available  to  structural  engineers,  their 
usefulness  is  diminished  by  the  varying  standards  to  which  they  are 
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written,  the  many  different  forms  of  input  data,  and  the  machine- 
dependent  nature  of  the  programs.  Each  program  should  be  designed  with 
a common  data  basis  and  as  a subprogram  so  that  they  can  be  linked  to- 
gether and  tailored  by  the  engineer  developing  a systems  approach  to 
meet  the  requirements  of  the  particular  structure  under  design.  A list 
of  such  subprograms  is  as  follows: 
a.  Preanalysis  programs. 

(1)  Graphic  package  to  generate  input  data  and  plots. 

(2)  Programs  to  generate  fixed-end  force  data  for  input  into 
the  analysis  programs. 

(3)  Programs  which  calculate  assumed  member  sizes  for  input 
data. 

t>.  Analysis  programs.  What  should  a good  2-D  frame  analysis  pro- 
gram have? 

(1)  Option  for  prismatic  and/or  nonprismatic  cross  section. 

(2)  Option  for  variable  stiffness,  rigid,  or  pinned  joints. 

(3)  Option  for  rigid  or  yielding  supports. 

(A)  Option  for  combining  members  with  different  moduli  of 
elasticity. 

(5)  Method  for  generating  loading  combinations  including:  dead 

loads,  live  loads,  wind  loads,  earthquake  loads,  and  tem- 
perature loads. 

(6)  Method  for  generating  input  data  such  as  nodal  points, 
members,  loadings,  etc. 

(7)  Option  for  shear  and  axial  force  deformations. 

(8)  Output  that  echoes  print  input  data  for  verification. 

(9)  Output  that  includes  deflections,  axial  forces,  shear 
forces,  moments,  and  reactions,  printed  out  under  non- 
symbolic  heading. 

(10)  Generation  of  a stored  data  file  for  data  recall  for  use  by 
postanalysis  processing  programs. 

(11)  Output  format  easily  reproduced  and  used  as  the  design 
analysis . 

£.  Postanalysis  processing  programs. 

(1)  Programs  to  produce  graphic  output  including  such  items  as: 

(a)  Deflected  structure. 

(b)  Principal  stress  for  plate  and  shell  elements. 


(c)  Mode  shapes. 

(2)  Programs  to  convert  distributed  moments,  shear  forces, 
and  results  of  the  analysis  program,  and  to  calculate 
the  positive  moments,  shear  forces,  points  of  inflection 
and  deflections. 

d.  Design  programs. 

(1)  Design  programs  should  take  the  analysis  and  postanalysis 
program  results  and  design  the  beams,  columns,  connections, 
and  footings  according  to  building  code  requirements.  Out- 
put for  these  programs  should  be  as  complete  as  possible, 
including  schedules  for  all  types  of  members  and  a complete 
tabulation  of  material  quantities  for  estimating.  The 
format  should  allow  these  schedules  to  be  copied  directly 
onto  contract  documents  by  draftsmen  or  transferred  by 
other  means.  Many  of  these  programs  are  already  developed; 
however,  they  have  to  be  linked  with  each  other  in  order  to 
obtain  the  complete  analysis  and  design  program. 

(2)  The  ICES-STRUDL  system  is  the  only  complete  analysis  and 
design  program  available  for  designing  frames  within  the 
Corps  of  Engineers  library.  This  program  is  available  to 
the  districts  within  the  North  Pacific  Division  and  through 
a vendor  contract  at  the  Waterways  Experiment  Station  (WES) 
to  a limited  number  of  other  districts. 

(3)  The  long-range  approach  to  design  programs  must  consider 
construction  economy.  Construction  cost  is  of  utmost 
importance  in  both  civil  and  military  construction;  there- 
fore, construction  cost  should  be  one  of  the  controlling 
design  factors.  All  programs  we  have  discussed  are  for 
analyzing  and  designing  structures  to  conform  to  allowable 
stresses  and  design  codes  with  no  references  to  cost  ex- 
cept for  a tabulation  of  material  quantities  for  estimating. 
The  computer-aided  design  approach  must  have  an  optimization 
procedure  for  determining  the  most  economical  combination 

of  materials  for  construction.  For  example,  to  produce  the 
lowest  cost  reinforced  concrete  members,  the  optimum 
relationship  between  the  member  capacity  and  the  combination 
of  two  materials  having  different  relative  costs  and 
strengths  must  be  determined. 

In  conclusion,  the  state  of  the  art  within  the  Corps  of  Engineers 
consists  of  using  and  developing  analysis  programs,  which  represent 
about  20  percent  of  the  design  engineer's  work.  In  order  to  realize  the 
full  potential  of  the  computer  it  is  imperative  that  we  develop  economi- 
cal methods  for  using  the  computer  in  solving  the  full  range  of  structural 
problems.  It  is  felt  by  many  that  we  are  at  a turning  point  in  computer 
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usage  for  structural  engineers  within  the  Corps.  The  next  few  years 
will  see  substantial  progress  in  developing  a unified  and  positive 
approach  to  computer-aided  design. 
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TRUSS  ANALYSIS  PROGRAMS 


PROGRAM 

NAME 

author/contact 

OFFICE 

LIBRARY  ; 

PROGRAM 
NUMBER--  | 

oct 

CATEGORY 

computer/ 

MODE 

DOCUfj 

YES 

Lb  ~JL- 

NO 

DESCRIP7I0N 

PTRUSS  (Program  in 
progress ) 

Memphis  District 

713-G9-A1050j 

G-635 

■ 

Solution  of  Joint  dis- 
placements and  member 
axial  load  for  planar 
pinned  trusses. 

X0002 

(TRUSS) 

Rock  Island  District 

VESLI9 

713-F3-FA01B 

0-635 

X 

Plane  pin-jointed  truss 
analysis  by  direct 
stiffness.  Total  truss 
structure  stiffness  is 
assembled  fi4jm  individ- 
ual truss  bar  stiffness 
matrices.  Then  equa- 
tion and  terms  related 
to  known  boundary  con- 
ditions are  modified. 
Data  can  be  entered 
interactively  or  from 
a data  file. 

X0005 

(STRUSS) 

Rock  Island  District 

WESLIB 

713-F3-FU01E 

G-635 

X 

Pin-Jointed  space  truss 
by  direct  stiffness. 
Space  structures  com- 
posed of  members  which 
are  assumed  straight 
between  Joints  with 
loads  applied  at  Joint 
only  aod  whose  ends 
are  free  to  rotate  are 
considered.  Individual 
bar  stiffness  matrices 
are  determined  by  a 
modified  gauss lan  elim- 
ination procedure. 

Determinate 

Truss 

David  Helndel , 
USAE  District, 
Norfolk , 

Hal t imore 

EC  PL 

713-F7-EU580 

B 

G-225 

Batch 

X 

"Determinate  Truss 
Analysis”  of  a simple 
statically  determinate 
pin-connected  truss  for 
khe  support  reactions 
knd  axial  stress  in  up 
k-o  U?5  members  . Loads 

Pin-Jointed 

Truss  Analysis  ^ 

Ploudre, 

Seattle  District 

NPD 

713-K5-G3150 

A 

IBM  360 

X 

j?-D  truss  using  direct 
stiffness  method  includ- 
ing support  settlement. 

E.  Wilson 
U.C  Berkeley 

Truss  Influence 
Lines  Plot 

Ploudre, 

Seattle  District 

NPD 

713-K5-G327 

A 

IBM  360 

X 

Modified  pin-jointed 
truss  analysis.  Pro- 
gram 713-X5-G3150  is  used 
for  plotting  influence 
lines . 
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CONTINUOUS  BEAMS  - ANALYSIS  PROGRAMS 


PROGRAM 

NAME 

— 

autmor/contact 

OFFICE 

library 

— 

PROGRAM 

V 

CATEGORY 

computer/ 

MODE 

__aatj£ 

YES 

EMIEQ  - 
NO 

DESCRIPTION 

MDCF 

W. A.  Price, 
WESKA 

WESLIB 

713-F3-M3500 

600TSS 

X 

Moment  distribution  for 
prismatic  members.  The 
program  computes  fixed- 
end  moments,  fixed-end 
shears,  simple-spar, 
shears,  and  equlvalent- 
FQ4  trapezoidal  load  for 
any  superimposed  com- 
bination of  point  loads 
and  trapezoidal  loads, 
over  any  portion  of  the 
span . 

XOOOl  (BEAM  1) 

Rock  Island  District 

WES LIB 

713-P3-FL01A 

0-635 

X 

Analysis  of  beams  by 
direct  stiffness  method. 
The  computer  program 
-.ulyzes  beams  of 
vi-iable  cross  sections 
subjected  to  arbitrary 
loading.  It  u.»es  the 
principle  of  matrix 
structure  analysis, 
using  the  displacement 
method.  Data  can  be 
entered  interactively 
or  from  a data  file. 

BEAMHBV 

H.  B.  Wilson, 
University  of 

A1 abas* 

0-635 

X 

General  purpose  continu- 
ous beam  analysis. 
Multiple  span,  variable 
section  properties, 
point  and  trapezoi l . 
loads  are  computed. 

.’lota  shear,  moment, 
slope,  and  deflection 
are  given  on  terminal 
printer. 

GIRDER 

Paul  Senter, 
VESKA 

WE3LIB 

— 

600TSS 

X 

Load  Analysis  Program. 
GIRDER  provides  an 
analysis  of  the  * ading 
(reactions,  shears,  and 
bending  moments)  in 
continuous  girder  in  up 
to  five  spans  using  the 
principle  of  least  work. 

BMCOL 

Professor  Matlock, 
University  of  Texas 
Dr.  N.  Radhakrishnan, 
WESJLA 

LMVD 

600  Card- in 

X 

Finite  difference  pro- 
gram to  solve  a variety 
ox  simple  and  complex 
beam-column  structural 
problems  accounting 
for  movable  loads . 

BMCOL  L 

Professor  Matlock, 
University  of  Texas 
Fleming, 

Vicksburg  District 

GE-225 

Batch 

X 

Linear  finite  difference 
program  tc  *o.vr  a 
variety  of  single  and 
complex  bean-column 
structure  problems. 

/Mudd /BMCOL 

Larry  Farmer, 

Thomas  Mudd, 

Saint  Louis  District 

WESLIB 

71 3- F 3- A 350 

600T5S 



X 

Matlock’s  solution  for 
BM-CQL.  The  program  is 
a finite  element  model 
solution  for  beam 
columns  consisting  of 
interacting  bars  and 
springs.  It  can  model 
beam  columns  of  varying 
cross  section,  applied 
lateral  and  axial  lotfac , 
specified  deflection  and 
slopes,  and  lateral  and 
rotational  spring 
restraint . 

CONTINUOUS  BEAMS  - ANALYSIS  PROGRAMS 


WESLIB 


’13-K5-G2210 


PROGRAM  author/contact 

name  office 


computer/ 

MODE 


DESCRIPTION 


A71350 


WES  LIB 


7U-F3-A350 


600TSS 


Matlock’s  recursive 
solution  for  beam  col- 
umns. TTiis  program 
solves  beam-column 
problems  with  Matlock's 


600  Batch 


Forms -Hartman, 

Joseph  P.  Hartman, 
Saint  Louis  District 


Determines  maximum 
positive  and  negative 
moments,  shear  displace- 
ments, and  reactions  at. 
each  location  on  a beam 
for  any  set  of  vertical 
load  moved  incrementally 
along  the  length  of  a 
beam.  This  is  a modi- 
fied version  of  BMCDI. 

for  moving  loads . 

i Program  to  compute  beam 
moments  and  deflections. 
This  program  computes 
moments  and  deflections 
I in  a single-span 
1 variable-depth  beam 
[carrying  concentrated 
and  distributed  loads. 
The  end  deflections  are 
zero.  The  remaining 
I conditions  can  involve 
zero  slope  or  zero 
moment . 


BEAM 


600TS5 


BEAMNOD 
(Program  in 
progress) 


G-635 


600TSS 


IBM  360 


IBM  360 


MATLOCKM 


lAnalyze  a symmetrical 
straight  member  for  any 
statically  determinant 
one-diaer.slonal  load 
which  consists  of 
transverse  point  loads, 
transverse  continuous 

loads,  or  couples. 

Determines  for  small 
deflections  the  shear 
force,  bending  moment, 
and  deflection  at  se- 
lected positions  for  any 
statically  determinant 
beam  and  coplanar  load- 
ing perpendicular  to  the 
neutral  axis.  The  pro- 
gram accepts  a load 
system  from  71*1-F3-A2- 
370  of  WESLIB. 


>r.  N.  Radhakrishnan, 
“ 3KA 


New  Orleans  District 


Beams  (Shear,  Beer, 

Moment,  Deflection)  New  Orleans  District 


Analysis  of 
Curved  Continuous 

b**ams 


Gniewosz 

Portland  District 


Finite  Difference 
Analysis  of  Beam- 
Column  on  Elastic 
Foundation 


Weller, 

Portland  District 


Beam  Column 
Analysis  w/ 
Printer  Plot 


Mueller, 
Dickenson, 
University  of 
Missouri 


2-D  FRAME  ANALYSIS  PROGRAMS 


author/contact 

OFFICE 


PROGRAM 

NUMBER— 

OCE 

CATEGORY 


computer/  documente 

MODE  YES  NO 


DESCRIPTION 


Ed  Wilson, 

J.  D.  Rafferty, 
University  of  Cali- 
fornia, Berkeley, 

San  Francisco  Dis- 
trict 

D.  Reynolds. 
Sacramento  District 

Omaha  District 


713-G2-L3002 


713-G2-L2-17Q 
71 )-X6-L2-17q 


GE-kl5 
CDC  7600 
LBL 
Batch 


Analysis  of  two- 
dimensional  frame  struc- 
tures. Joint  deflection, 
member-end  forces , and 
Joint  reactions  are  de- 
termined for  plane 
frames  which  may  be  sub- 
jected to  Joint  loads. 
Joint  displacements,  and 
member  loads . Supports 
may  be  rigid  or  linear. 
Elastic  members  may  be 
nonprismatic.  Member 
to  Joint  connections  may 
be  flexible  (partially 
rigid).  Different  ma- 
terial may  be  used  for 
different  members  in 
frame. 


Robert  Brittain, 
Memphis  District 


Analysis  of  Planar 
Rigid  Frames . The  pro- 
gram analyzes  planar 
rigid  frames  taking 
into  account  axial 

deformations . 


Galveston  District 


713-Gl-AlObO 


Same  program  as  G FRAME 
in  system  WESL1B,  except 
links  to  program  P0SM0 
(713-G1-M3180)  to  com- 
pute shears,  moments 
and  axial  forces  at 
1/10  points  along  each 
member  of  the  frame  for 
each  load  condition. 

The  program  uses  rigid 
frame  analysis  with  60 
members  and  **0  Joints 
maximum. 


Analysis  of  frames  by 
direct  stiffness  method. 
Computer  program  analyz- 
es frames  of  variable 
cross  section  subjected 
to  arbitrary  loading. 

It  uses  the  principle  of 
matrix  structure  analy- 
sis, using  the  dis- 
placement method.  Data 
can  be  entered  inter- 
actively or  from  a data 
file.  


Rock  Island  District! 


Rock  Island  District 


G-635 


WESLIB 


713-F3-FU01C 


Grid  analysis  by  direct 
stiffness.  The  individ- 
ual grid  element  stiff- 
ness matrix  is  trans- 
ferred to  the  grid  struc- 
ture coordinate  system 
and  modified  for  speci- 
fied boundary  restraints. 
These  restraints  are 
added  to  form  total 
structure  stiffness 
matrix.  Data  can  be 
entered  interactively  or 


0-635 


wkuus 


?1>FJ-F4U1D 


X0003  (FRAME) 


XOOOU  (GRID) 


J-D  FRAME  ANALYSIS  PROGRAMS 


PROGRAM 

NUMBER'* 

OCE 

CATEGORY 


COMPUTER/ 

MODE 


AUTHOR/CONTACT 

OFFICE 


DESCRIPTION 


PROGRAM 

NAME 


LIBRARY 


Portland  District 


Grid  Analysis 


G-635TSS 

Interactive 

Graphics 


in  interactive  graphics 
>rogram  that  builds 
'rame  cases  and  analyzes 
rlth  GFRAME  and  displays 
[hear,  moment,  and 
lisplaccment.  diagrams. 


FRAME  (Program  in 
progress ) 


WESLIB 


Robert  Hall 
;WESKA 


13-F3-AU1UO 


Vicksburg  District 


'o-dimensional  frame 


13-G9-Afc020 


UOO  Batch 


Fleming, 

Vicksburg  District 


'lane  Frame  - beam 
■lement  finite  element 


GE-UOOTSS 


0 FRAME 


Robert  Brittain, 


13-G9-A1030 


lalyzes  planar  orthogo- 


Honeyvell 


Dr.  N.  Radhakrishnan 


BATCH 


Structural  Engineering 
System  Solver.  Performs 
Linear  analysis  of 
elastic  statically  loaded 


‘ramed  structures 


'13-K5-GU100 


Indeterminate 


Frame 


Portland  Dlstilct 


13-K5-Gi*110 


2-D  Frame  Analysis 


McDonald, 


Portland  Distrlc 


Truss,  Frame,  A 
Beam  Element 
Analysis 


13-K5-G20UA 


Mueller, 

Portlarid  District 


Stiffness  Analysis 


’13-K5-G0030 


Portland  District 


Lateral  Force  Dis-  ' 
tribution  for  Shear 
Walls 


’13-K9-G210O 


Lonberg, 

Portland  District 


Lateral  Load 
Analysis  of  Multi- 
story Frame*  with 


Ploudre, 

Portland  Cement 
Association  progri 


Lhear  Walls 


- DQCUP 

ln im  . 

YES 

NO 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3-D  FRAME  ANALYSIS  PROGRAMS 


#1 

PROGRAM 

NAME 

author/contact 

OFFICE 

LIBRARY 

PROGRAM 

NUMBER-- 

OCE 

CATEGORY 

COMPUTER/ 

MODE 

DOCUf 

YES 

1ENTED 

NO 

DESCRIPTION 

SAP  IV 

B.  Haavisto, 

D.  Reynolds, 
University  of  Cali- 
fornia 

Sacramento 

District 

713X6L221A 

Batch/CDC7600 
0 LBL 

X 

General  finite  element 
program  for  static  and 
dynamic  analysis  of 
linear  elastic  struc- 
tural systems.  Element 
library  includes  3-D 
truss,  3-D  beam,  iso- 
parametric plane  strain/ 
stress,  isoparametric 
21  node,  3-D  solid/thick 
shell,  isoparametric 
thin  shell,  axisymmetric 
solid,  3-D  pipe,  bound- 
ary spring.  Program 
time-history  and  spectral 
analysis  capability. 

There  are  currently  no 
graphics . 

Sacramento  District 

SAP  U 

KIT*? ISSrrBBBi 

600  Batch 

3-D  structural  analysis 
program  for  linear 
systems . The  program 
uses  finite  elements 
for  static  and  dynamic 
problems  with  approxi- 
mate mode  shapes  for 
the  dynamic  option. 

Bill  Boyt, 
VTESKA 

SAPBEAM 

H.  W.  Jones, 

VESICA 

IJM) 

G-635  Batch 
CARDIN 

X 

A modified  general 
purpose  structural 
analysis  program  (SAPM 
that  can  automatically 
compute  fixed  end 
moments  and  shears  on 
beam  elements  for  in- 
span  beam  loads . 

|71  3-KVT006r 


SAPP1LE 


0-635  Batch 
CARDIN 


A modified  general  pur- 
pose structural  analysis 
program  (SAPM  with  a 
three-dimensional  pile 
element  added.  It  is 
good  for  analysis  of 
3-D  flexible  cap  pile 
foundations . 


CDC  6U00 
Batch 


"General  Elastic  and 
Non-linear  Structural 
Analysis  Program." 

This  i 8 a general  pur- 
pose system  for  3-D 
analysis  of  structural 
systems  using  the  finite 
element  method. 


neral  purpose 
3-dimensional,  static 

sis. 


IBM  360 


General  elastic  and 
nonlinear  finite  element 
structural  analysis 
program.  Elememt  library 
includes  3-D  truss,  3-D 
beam,  plane  strain, 
plane  stress,  ax i sym- 
metric solid,  3-D  solid, 
thin  pl-ate/shell , and 
boundary  spring.  The 
program  offers  static 
and  dynamic  analysis, 
including  time—  ..iStory 
and  spectral  analyses. 
There  are  limited 
graphics  in  pre-  and 
post-processors . 


713-C8-7006F 


H.  W.  Jones, 
WESKA 


Agbabian  Associates, 
Huntsville  Division 


Agbabian- Jacobsen  Jacramento  713X6L231A 

Associates,  District 

Los  Angeles,  Cali- 
fornia 


B.  Haavisto, 

D.  Reynolds, 
Sacramento  District 


GENSAP 


neral  purpose  program. 


BATCH/ 
CDC  7600 
0 LBL 


GENSAP 


NASTRAN 


GENSAP 


Adams, 

Portland  District 


Coell, 

Portland  District 


sgp*\ 


3-D  FRAME  ANALYSIS  PROGRAMS 


PROGRAM 

NUMBER-- 

oct 

CATEGORY 


author/contact 

OFFICE 


computer/ 

MODE 


DESCRIPTION 


PROGRAM 

NAME 


LIBRARY 


| General  purpose  program 


■ASTRAN 


Joe  Hartman, 

St.  Louis  District 


MCAUTC 


CDC  7600 
9 LBL 
BATCH 


University  of  Cali- 
fornia, Berkeley 
D.  Reynolds, 
Sacramento  District 


TABS 


Sacramento 

District 


Static  ana  e&rtnquaKe 
analyses  of  3-D  frame 
and  shear  wall  buildings. 
Program  gives  linear 
structural  analysis  of 
frame  and  shear  wall 
buildings  subject  to 
static  and  earthquake 
loadings.  Beams  and 
girders  may  be  nonpris- 
matic;  bending  and 
shearing  deformation  are 
included.  Nonsymmetric, 
nonrectangular  buildings 
having  frames  and  shear 
walls  in  plan  can  be 
considered.  Earthquake 
input  is  specified  as  an 
acceleration  spectrum 
response. 

Finite  element  program 
for  static  and  dynamic 
analysis  of  nonlinear 
structural  systems.  Ele- 
ment library  consists  of 
3-D  truss,  3-3  node  iso- 
parametric plane  strain/ 
stress,  3-8  node  isopara- 
metric axisymmetric  solid. 
8-21  node  isoparametric 
3-D  solid/thick  shell. 
Available  analysis  proce- 
dures are:  l)  Linear 

Elastic:  assumes  small 

displacements,  infinite- 
simal strains,  isotropic 
or  orthotropic  linear 
elastic  mater ial . 2)  Ma- 
terially Nonlinear:  as- 

sumes small  displacements, 
infinitesimal  strains, 
nonlinear  material  stress- 
strain  description.  3) 
Total  Lagrangian  Formula- 
tion: element  may  experi- 

ence large  displacements 
and  strains,  stress-strain 
relation  is  linear  or  non- 
linear. k)  Updated  La- 
granglan  Formulation:  ele- 
ment a ay  experience  large 
displacement-;  and  strairs; 
stre«3-straio  relation  is 
linear  or  nou linear.  Prc  • 
gram  designed  for  general 
incremental  solution  of 
nonlinear  problems;  linear 
analyses  are  possible  also 


CDC  7600 
9 LBL 
BATCH 


13X6L2 


NONSAP 


University  of  Cali- 
fornia.  Berkeley 
B.  Haavisto, 

D.  Reynolds, 
Sacramento  District 


Sacramento 

District 


Static  Analysis  of 
Seneral  Structures  including 
wo-  and  three-dimensional 
'rame  structures. 


Chicago 

District 


INFO  NET 


►neral  purpose,  structural 
mlysis  programs. 


INFO NET 


SUPERB 


Seneral  purpose,  structural 
analysis  and  design 
irograju . 


Seattle 

District 


Seattle  District 


EC  I 

STPUDL 


General  purpose,  structural 
'analysis  And  design 
programs . 


WES 

Contract 


MCAUTO, 

New  England  Divisioi 
Saint  Louis  Districl 


EC  I 

STRUDL 


American  Institute 
of  Steel  Construc- 


tion 


Concrete 

General  Flejiure 


Analysis 


Monroe, 

Portland  District 


Reinforced 
Concrete  Design 
for  Flexure  and 


Axial  Lo 


Robert  Hall 
'WESKA 


author/contact 

OFFICE 


PROGRAM 

NAME 


71 3-K5-G  jPflO 
A 


IBM  360 


NPD 


713-K5-G3^10 

A 


IBM  360 


VESLIB 


VESLIB 


600TSS 


Portland  Cement 
Association  program 


VESLIB 


PCABR 


Portland  Cement 
Association  program 


VESLIB 


G-635TSS 


PCAUC 


NPD 


1 3-K$-C3300 
A 


IBM  360 


3PK 


i.'T) 


IBM  360 


971  ACI-318  Bldg.  Code 
malysis  and  design  for 
[flat  plates,  flat  3labs 
(with  drop  panels),  waffle 
Is  labs,  and  continuous  con- 
crete frames. 


PROGRAM  I 
NUMBER-- 

OCt  COMPUTER/  I DOCUMEN 

LIBRARY  CATEGORY  MODE 


DESCRIPTION 


Analysis  and  I 
Design,  Flat 
Plates  and 
Continuous  Framed 


Portland  Cement 
Association  progre; 
Tloudre, 

Seattle  District 


Composite 

Section 

Properties 


Ploudre, 

Seattle  District 


GVSCAT  2 
GVSCAT  3 


713- 5®- L2-20C  UNV  1108 
INFONET  BATCH 


NPD 


|Compute8  section  properties 
>f  any  structural  composite 
lection. 


Ultimate  strength  desigr. 
of  reinforced  concrete 
columns . 


Capacity  to  design  or 
investigate  reinforc'd 
concrete  "aprons.  < r, 
members.  AA3!iT*  . .9  i 
Interior  Spec.  Se  . L. , 

Part  6,  Load  Fact  »r  Design 
and  AC I 318-71  Bldg.  Code. 


Analysis  and 
Design  of  Flat 
Plates.  Waffle 
Slabs  and  Con- 
tinuous Frames 


Portland  Cement  SPK 

Association  program 
Sacramento 


G.  V.  Schwalbe, 
T.omas  J.  Mudd, 

St.  Louis  District 


.’omputer  program  for  steel 
,.?am,  girder,  and  floor 
[framing  design. 


’omputer  program  for  steel 
icolumn  design. 


AISCB  (Program  ; American  Institute 
in  progress)  of  Steel  Construc- 

I tion 


Strength  Design  Portland  oement 
of  Reinforced  Association  program, 
Concrete  Column  Sacranento 
Sections 


Ploudre, 

Seattle  District 


A I SCC  (Progra 
in  progress) 


Ploudre, 
Portland  Cement 
Association  pro 


1 3-KV-G0050  IBM  160 


Computes  stresses  Tor 
[double  reinforced  concrete 
member  by  Inputting  strain 
of  rebars. 
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POSTPROCESSOR  PROGRAMS 


r 

' 


PROGRAM 

NAME 

author/contact 

OFFICE 

LIBRARY 

PROGRAM 

NUMBER"" 

OCE 

CATEGORY 

computer/ 

MODF 

. docum 

YES 

ENTED 

NO 

DESCRIPTION 

PCA-BM 

Sefton  Lucas, 
Memphis  District 

A1BLOO 

6ootss 

X 

Post-processor  for  QFTtAME 
computes  resisting  moment 
for  concrete  beam.  The 
program  checks  shear  at 
f ace  of  support,  computes 
moment  at  fixed  increments, 
and  designs  reinforcement 
for  aucial  load  plus 
bending. 

POSMO 

Galveston  District 

ECPL 

Tn-Gi-Mji8o 

0-22  5 
0-1*37 

X 

Links  from  program  GFPAMF 
(71 3-G1-A10L0 ) and  cal- 
culates shears,  moments 
and  axial  forces  at  1/10 
point  of  each  member  for 
each  load  case.  Call 
Wm.  A.  Frtce,  FTS  601- 
636-36*0  for  information. 

Beam 

Analysis 

One  Span 

Portland  District 

RPD 

713-K5-G3110 

A 

IBM  160 

X 

{*' 


PRE-PROCESSOR  PROGRAMS 


PROGRAM 

NAME 

author/contact 

OFFICE 

LIBRARY 

PROGRAM 

NUMBER— 

OCE 

CATEGORY 

computer/ 

MODE 

docum 

VES 

l£n iin 

NO 

_ 

DESCRIPTION 

PREFEM 

Fred  Tracy, 

weska 

WESLIB 

G-635TSS 

Interactive 

Graphics 

X 

An  interactive  graphics 
program  for  automatically 
generating  finite  element 
grids  and  on-line  data 
editing  and  numberings. 

It  is  a preprocessor 
finite  element  program. 

POSTFEM 

Fred  Tracy, 
WESKA 

WESI.IB 

G-635TSS 

Interactive 

Graphics 

X 

An  Interactive  graphics 
program  for  proof- 
processicg  fiM'.e  jieme..  . 
data.  Program,  cat  gener- 
ate contour  plots,  vector 
plots,  isometric-  and  per- 
spective jlots . 

3-D  EDIT 

Fred  Tracy, 

WWKA  . _ 

WESLIB 

0-635 

Batch 

X 

3-D  edit  program  for  the 
finite  element  program,. 

PRESAf 

H.  W.  Jones, 

WESKA 



IMVV 

G-635TSS 

X 

An  interactive  time- 
sharing program  to  generate 
data  for  the  Genera' 

Purpose  Structure  Analysis 
Program  (SAPW. 

Appendix  B 

Two-Story,  Two-Dimensional  Steel  Frame  Sample  Problem 
with  District  Solutions 
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1001 D FRAME  NASTRAN 

110S0L  1,0 

120TIME  3 

130CEUD 

1400UTPUT 

150SET  1 = 1.4*9,12 
1 60DI  SPLACEME\JT=ALL 
1 70ELFORCE= ALL 
180SPC  FORCE  «=  1 
190SUBCASE  1 
200  LO  AD=  3 

PlftStlRCASE  2 
220  L0AD=4 

230 SUBCASE  3 
240  LOAD®  5 

250SUBC0M  6 

260  SUBSEG=1*0, 0. 0, 1.0 
270SUBC OM  8 

28  0 SUBSEQ=0.  5,  0.  0,  1. 0 

290SUBCOM  10 

300  SUBSEQ=0. 0, 1. 0. 1. 0 

31 OSUBCOM  12 

320  SUBSEG=  0. 0, 0. 5, 1 . 0 


330BEGIM  BULK 
340GRDSET 
350GRID 
360  GRID 
370GRID 
380GRID 
390GRID 
400 GRID 
410GRID 
420GRID 
430  GRID 
4/lOGRI  D 
450GRID 
460GRI D 
470GRID 
48  0GKI  D 
490BAHOR 
I 

500CBAR 

510CBAR 

520CBAH 

530CBAR 

540CBAR 

Cl 

550*1  6 

560CBAR 
C2 

570*2  6 

56  0C0AH 
C3 
590*3 
600CBAR 


345 

1 

0. 

0. 

0. 

1234S 

2 

0. 

144. 

0.' 

3 

0. 

286. 

o. 

4 

180. 

0. 

0. 

12345 

5 

180. 

144. 

0. 

6 

180. 

288. 

0. 

7 

360. 

144. 

0. 

8 

360. 

288. 

0. 

9 

540. 

0. 

0. 

12345 

10 

540. 

144. 

0. 

11 

540. 

288. 

0. 

12 

720. 

0.‘ 

0. 

12345 

13 

720. 

144. 

o. 

14 

720. 

286. 

0. 

-1. 

1. 

1 

1 

3 

6 

2 

1 

6 

8 

3 

1 

8 

11 

4 

1 

1 1 

14 

5 

2 

2 

5 

6 

6 

2 

5 

7 

7 

2 

7 

10 

6 

8 

2 

10 

13 

C4 


o. 


610+4  6 

6 

620CBAR 

9 

3 

1 

2 

630CBAR 

10 

3 

2 

3 

C5 

640*5 

6 

6S0CBAR 

1 1 

4 

4 

5 

660 C BAR 

12 

4 

5 

6 

C6 

670*6 

6 

6S0CBAR 

13 

4 

9 

10 

W UCBAR 

14 

4 

10 

11 

C7 

700*7 

6 

710CPAR 

15 

3 

12 

13 

720CBAR 

16 

3 

13 

14 

C8 

730+8 

6 

740CR0D 

8 

750CR0D 

17 

1 

4 

7 

18 

1 

5 

19 

1 

7 

9 

20 

1 

8 

10 

760PBAH 

1 

1 

2.  65 

38.8 

770PBAR 

2 

1 

6.47 

25.3 

78  0PBAK 

3 

1 

3.  09 

5.  29 

79  0PBAR 

4 

1 

8.  14 

25.  7 

800PROD 

1 

1 

8.  14 

810MAT1 

1 

3.E+07 

830FORCE 

3 

3 

1960. 

1. 

0. 

0. 

840F0RCE 

3 

6 

1400. 

1. 

0. 

0. 

850FORCE 

3 

8 

1400. 

1. 

o. 

0. 

860  FORCE 

3 

11 

1400. 

1. 

0. 

0. 

870FOP.CE 

3 

14 

1300. 

1. 

0. 

0. 

880KORCE 

3 

2 

3920. 

1. 

0. 

0. 

890F0RCE 

3 

5 

2790. 

1. 

0. 

0. 

900FORCE 

3 

7 

279  0* 

1. 

0. 

o. 

910FORCE 

3 

10 

279  0. 

1. 

0. 

0. 

920  FORCE 

3 

13 

2600. 

1. 

0. 

0. 

930F0RCE 

4 

3 

1640. 

1. 

0. 

0. 

940FORCE 

4 

6 

328  0. 

1. 

0. 

0. 

950  FORCE 

4 

8 

328  0. 

1. 

0. 

0. 

960  FORCE 

4 

11 

328  0. 

1. 

0. 

0. 

970FORCE 

4 

14 

1640. 

1. 

0. 

0. 

980FOHCE 

4 

2 

2120. 

1. 

0, 

o. 

990  FORCE 

4 

5 

4230. 

1. 

0. 

o. 

lOOOFORCE 

4 

7 

4230. 

1 • 

0. 

0 

101 OFORCE 

4 

10 

4230. 

1 1 

0. 

0. 

1020FORCE 

4 

13 

2120. 

1 • 

0. 

0 

1030PLOAD1 

5 

1 

n 

LE 

0. 

-50. 

180 

-50. 
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1040PL0AD1 

-50. 

5 

2 

FY 

LE 

0. 

-50. 

180. 

1050PLOAD1 

-50. 

5 

3 

Ft 

LE 

0. 

-50. 

180. 

1060PLOAD1 

-50. 

5 

4 

Ft 

LE 

0. 

-50. 

180. 

1O70PLOAD1 
33.  3 

5 

5 

Ft 

LE 

0. 

- 133. 3 

180. 

108  OPLOAD 1 
33.  3 

5 

6 

Ft 

LE 

0. 

- 133. 3 

180. 

109  OPLOAD 1 
33.  3 

5 

7 

Ft 

LE 

0. 

-333. 3 

130. 

1 1 00PL0AD1 

5 

8 

Ft 

LE 

0. 

-133.3 

180. 

33.  3 

111  OENDDATA 
#BYE 

MKU  - .713  CON=  .*22 
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OUTLOOK  FOR  THE  USE  OF  COMPUTERS  IN  THE 
MILITARY  CONSTRUCTION  DESIGN  PROCESS 
by 

Donald  B.  Baldwin* 

The  Present  and  Recent  Past 

In  recent  years,  the  scope  of  architectural  and  engineering  de- 
sign has  been  expanded  to  include  more  detailed  examination  of  factors. 
Stated  another  way,  the  design  process  has  been  complicated  by  a variety 
of  new  constraints  and  requirements,  both  technical  and  statutory.  The 
facility  design  process  has  been  made  more  complex  by  many  factors.  Some 
of  them  are  environmental  considerations,  both  health  and  economics  mo- 
tivated. Rapid  rates  of  inflation  and  the  direct  effect  on  material 
and  construction  costs,  energy  conservation  considerations,  and  the  ef- 
fects of  energy  shortages  on  facility  operation  and  maintenance  costs 
have  also  added  to  design  complexity.  Being  required  to  take  all  of 
these  factors  into  account  when  planning  and  designing  a military  facility 
has  made  it  difficult  for  the  Corps'  professional  designers  to  do  their 
job.  Design  accountability  is  much  harder  to  maintain.  Without  some 
form  of  rapid,  computer-aided  design  tool,  the  capacity  of  engineers 
and  architects  to  objectively  examine  and  evaluate  a variety  of  alter- 
nates to  determine  the  best  compatible  set  to  use  in  a particular 
facility  design  is  severely  restrained.  It  is  important  for  designers 
to  respond  rapidly,  and  in  a rational  and  objective  manner,  to  budget 
cuts  and  other  factors,  which  can  have  a strong  impact  on  a chosen  set 
of  design  alternates  at  any  time  during  the  design  process.  Designers 
frequently  lack  a clearly  defined  audit  trail  of  the  design  decisions, 
which  have  been  made  up  to  any  given  time,  and  their  effect  on  cost,  as 
well  as  the  effect  of  cost  on  design  decisions.  This  lack  is  a serious 

* AEADS  Project  Monitor,  Advanced  Technology  Branch,  Engineering  Divi- 
sion Military  Construction  Directorate,  Office  of  the  Chief  of  Engi- 
neers, Washington,  D.  C. 
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drawback  in  the  Corps'  design  environment. 

Until  recently,  the  Corps,  like  many  other  organizations  in  the 
design  and  construction  business,  has  used  the  computer  to  aid  the 
engineer  in  the  execution  of  relatively  single  purpose  design  functions. 
For  example,  structural  engineers  are  using  programs  such  as  ICES-STRUDL, 
SAP,  and  EASE  to  analyze  or  design  structural  frames  for  large  facilities. 
In  a similar  manner,  mechanical  engineers  are  using  TRACE,  ECUBE,  and 
ACCESS  to  aid  in  the  design  and  analysis  of  HVAC  systems  for  some  of 
these  same  structures.  However,  only  a very  few  engineers  are  trying  to 
interconnect  and  interface  the  functions  of  these  various  different 
programs  and  engineering  disciplines  in  such  a coordinated  way  as  to  be 
able  to  perform  integrated,  cross-discipline  analysis  and  design.  Al- 
though there  are  time  and  money  to  be  saved  through  the  effective  use  of 
these  various  single-purpose,  single-discipline  programs,  a much  greater 
benefit  can  be  realized  through  their  organized  and  coordinated  use. 

The  tendency  in  the  past  has  been  to  focus  our  attention  on  the  examina- 
tion of  each  individual  tree  rather  than  step  back  and  try  to  take  an 
overall  view  of  the  collection  of  trees  as  a forest.  A building  facility 
is  not  so  unlike  this  forest,  with  each  of  its  subsystems,  i.e.,  struc- 
tural, mechanical,  electrical,  etc.,  representing  a different  tree. 


The  Outlook  in  Computer-Aided  Design 


A look  at  our  past  and  present  use  of  the  computer  in  engineering 
design,  together  with  the  multitude  of  complex  factors  that  today's 
designer  must  take  into  account,  clearly  indicates  that  a more  effective 
use  of  the  computer  is  required.  The  technology  advancements  in  com- 
puter hardware  are  far  ahead  of  the  engineering  applications  programs 
and  systems  that  the  Corps  currently  uses.  The  realization  of  this  need 
has  prompted  the  Military  Construction  Directorate  to  embark  on  the 
development  of  a computer  system  whose  primary  function  will  be  the 
coordinated  integration  of  all  of  the  various  engineering  and  architec- 
tural functions  and  disciplines  that  normally  make  up  the  MCA  design 
process.  The  Automated  Engineering  and  Architectural  Design  System, 


178 


I 


- 


I 


I « 


AEADS,  is  being  designed  and  developed  specifically  to  support  the 
military  construction  design  responsibility  of  the  Corps.  AEADS  will 
not  be  an  "automatic"  design  system,  as  its  name  implies  to  some.  Rather, 
it  will  be  a "computer-aided"  design  system  that  employs  an  optimum  mix 
of  state-of-the-art  software  and  state-of-the-technology  hardware  to  aid 
the  professional  in  the  design  decision-making  process.  We  are  not 
attempting  to  automate  the  process  in  the  sense  of  "push-button"  design; 
we  do  not  believe  that  either  the  design  process  itself  or  the  state-of- 
the-art  and  technology  in  computer  science  are  well  enough  understood 
and  advanced  to  produce  such  an  automatic  system.  The  AEADS  will  pro- 
vide an  on-line,  man-machine  interface  which  will  directly  involve  the 
professional  in  all  of  the  decision  making  that  takes  place  in  the 
facility  design  process.  The  professional  will  be  able  to  focus  more 
of  uis  attention  on  the  vital  decision-making  aspects  of  design  and  be- 
come less  bogged  down  in  the  technical  level  details  which  consume  so 
much  of  his  time  at  present. 

Objectives  of  the  AEADS 

The  basic  objectives  of  the  AEADS  are  to: 

a.  Improve  the  quality  of  design. 

b.  Improve  design  responsiveness. 

Improving  the  quality  of  the  MCA  design  product  can  be  accomplished 
by  consideration  of: 

a.  Development  of  structured  relationships  between  decisions 
made  during  the  design  process  and  the  impact  of  these  de- 
cisions on  the  quality  of  the  final  product. 

J).  Improvement  of  the  process  whereby  facility  design  is  con- 
tinually reviewed  during  the  design  process  to  ascertain 
compliance  with  criteria  including  functional  adequacy, 
budgetary  restrictions,  and  user  needs. 

jc.  Ability  to  derive  facility  criteria  from  user  requirements 
and  to  include  innovative  design  and  construction  techniques. 

jd.  Capability  to  examine  and  minimize  life  cycle  costs  within  the 
limits  of  the  desired  functional  criteria. 


i 


e.  Development  of  facility  design  which  minimizes  the  impact  of 
the  facility  on  the  total  environment. 

On  the  other  hand,  improving  the  responsiveness  of  design  can  be 
accomplished  by  consideration  of  such  things  as: 

a.  Maximizing  the  number  of  design  alternates  examined  while 
minimizing  the  impact  on  the  time  span  of  the  total  design 
process,  i.e.,  consider  more  design  alternates  in  a much 
shorter  time  span. 

b.  Increasing  the  level  of  capacity  and  readiness  of  the  Corps’ 
professional  design  staff  in  architectural  and  engineering 
design  activities,  i.e.,  increase  and  improve  the  productivity 
of  the  Corps'  professional  design  staff. 

£.  Providing  an  organized  format  for  the  standardization  of  com- 
puter software  and  hardware  to  support  a more  systematic  and 
accountable  design  process. 


AEADS  Development  Strates 


The  development  of  such  a large  and  integrated  software/hardware 
system  is  very  complex  and  must  be  approached  in  phases.  Although  the 
AEADS  will  address  the  entire  spectrum  of  facility  design,  first  priority 
will  be  given  to  developing  the  system  at  the  opposite  ends  of  the 
spectrum,  i.e.,  the  concept  development  phase  and  the  final  review  phase 
of  the  design  process.  These  two  areas  are  where  the  bulk  of  the  in- 
house  effort  is  currently  concentrated.  Second  priority  will  be  given 
to  the  development  of  the  remainder  of  the  design  process,  including 
technical  design  computations  and  the  actual  production  of  final  con- 
tract documents.  In  any  case,  the  high  payoff  areas  that  are  identi- 
fiable in  the  MCA  cycle  will  be  implemented  as  quickly  as  possible. 

While  the  overriding  goal  of  the  AEADS  development  will  be  the 
eventual  integration  of  all  of  its  component  parts  and  subsystems, 
nevertheless,  whenever  possible,  the  product (s)  of  any  one  phase  will 
be  designed  to  be  operable  on  a stand-alone  basis.  In  this  way,  parts 
of  the  system  may  be  field  tested  and  used  for  productive  work  before 
the  final  system  integration  is  accomplished.  The  best  available  tech- 
nical design  software  packages  will  be  used  by  the  system  as  much  as 
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possible.  New  technical  design  software  packages  will  be  developed  for 
the  AEADS  only  if  such  software  does  not  already  exist  from  some  other 
source. 

The  AEADS  development  is  being  treated  by  MC/OCE  as  a full-scale 
project.  The  U.  S.  Army  Construction  Engineering  Research  Laboratory 
at  Champaign,  Illinois,  has  been  given  the  responsibility  for  planning 
and  developing  the  system.  The  CERL  AEADS  Project  Manager,  Mr.  David 
Sides,  is  formulating  an  AEADS  Project  Development  Plan  and  Schedule. 

Over  the  next  5 yr,  from  10  to  20  million  dollars  will  be  spent  on  the 
AEADS  development.  The  Project  Manager  will  be  using  the  best  available 
people  from  both  the  private  and  Government  sectors  of  the  profession  to 
design  and  build  the  AEADS.  AEADS  development  will  be  carried  out  with 
close  consultation  and  cooperation  with  Corps  district  and  division  pro- 
fessional personnel.  A project  Monitor  Team  at  OCE  is  monitoring  and 
giving  general  technical  direction  to  the  AEADS  Project  Manager  in  the 
system's  development.  This  Monitor  Team  will  also  serve  as  the  focal 
point  of  AEADS  coordination  between  Civil  Works  and  Military  Construc- 
tion Directorates  as  well  as  other  DOD  and  Government  agencies. 

The  phased  development  strategy  of  the  AEADS  is  perhaps  best  il- 
lustrated by  two  of  its  current  products,  SEARCH  and  the  DD  1391  Checker. 

SEARCH 

(Systematic  Evaluation  and  Review  of  Criteria  for  Habitability) 

Briefly  stated,  SEARCH  is  a set  of  computer  programs  that  are  used 
in  conjunction  with  two  special  graphic  input  devices  by  architects  to 
evaluate  concept  plans  that  are  submitted  to  the  Army  for  approval.  The 
system  accepts  information  from  Space  Utilization  Guides  and  other 
criteria  documents  together  with  a graphic  description  of  building  floor 
plans;  it  then  evaluates  the  plans  submitted  by  these  specified  criteria. 
SEARCH  functions  as  a geometrical  space  relationship  checker.  It  not 
only  performs  these  criteria  checks  but  also  informs  the  user  when  and 
where  criteria  conflicts  occur  and  gives  an  indication  of  their  sever- 
ity. The  user  is  in  control  of  the  system  at  all  times,  and  it  produces 


an  audit  trail  of  the  source  of  all  criteria;  it  uses  this  during  the 
analysis. 

DP  1391  Checker 

Although  the  1391  Checker  is  only  partially  operational,  it  is 
already  proving  to  be  a very  useful,  time-saving  tool  in  the  checking 
of  the  cost  estimate  portion  of  DD  1391 's.  When  completed,  the  Checker 
will  provide  a computer-aided  procedure  for  assisting  master  planners 
and  all  others  normally  involved  in  verifying  that  applicable  DOD,  DA, 
and  CE  requirements  and  regulations  have  been  considered  when  a project 
is  submitted  for  authorization.  In  its  present  form,  the  Checker  is 
used  in  an  on-line  interactive  mode  by  estimators  to  price  out  a project 
with  the  assurance  that  the  cost  computed  is  within  statute  and  criteria 
of  DOD,  AR,  and  ER  guidance.  The  cost  checker  portion  of  the  DD  1391 
Checker  can  generate  as  well  as  check  the  cost  data  for  any  DD  1391. 

Other  Features  of  AEADS  Currently  Under  Development 

One  of  the  functions  of  AEADS  will  be  its  ability  to  produce  proj- 
ect specifications  based  on  the  automatically  recorded  design  decisions 
made  by  architects  and  engineers  during  the  design  process.  Part  of 
this  process  involves  the  tailoring  of  standard  guide  specifications 
to  particular  projects.  Initially,  this  tailoring  will  be  accomplished 
by  an  on-line  text  editor,  EDITSPEC,  which  is  currently  under  develop- 
ment . 

In  the  area  of  cost  estimating,  AEADS  will  be  designed  to  provide 
cost  breakdowns  at  various  levels  of  detail  and  at  different  times 
during  the  facility  design  process.  The  costs  will  be  keyed  to  specific 
design  decisions  through  an  intricate  data  structuring  scheme.  At  con- 
cept stage,  costs  given  would  be  based  in  large  part  on  historical  and 
empirical  data;  at  later  times  in  design  development,  these  costs  will 
be  based  on  actual  material  takeoffs.  Life  cycle  as  well  as  first  cost 
values  will  be  given  by  the  system. 
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AEADS  Coordination  and  Integration 


Although  the  early-on,  stand-alone  products  such  as  SEARCH  and  the 
DD  1391  Checker  serve  a useful  and  productive  purpose  in  their  own  right, 
the  greater  benefit  is  to  be  achieved  by  providing  the  overall  frame- 
work of  the  AEADS  for  their  systematic  and  integrated  use.  The  system 
must  provide  design  accountability  via  a design  decision  audit  trail  as 
well  as  the  ability  to  directly  interface  the  various  design  disciplines 
and  functions.  For  example,  when  a mechanical  engineer  makes  the  design 
decision  to  use  a particular  type  of  HVAC  system  or  to  consider  several 
such  alternate  systems,  all  other  functions  and  parts  of  the  design  pro- 
cess must  be  checked  by  the  AEADS  to:  (a)  make  sure  that  criteria  are 
not  violated,  (b)  determine  the  impact,  if  any,  on  the  other  decisions 
that  have  already  been  made  by  other  engineers,  (c)  determine  the  re- 
quired sections  of  guide  specifications  that  are  needed,  and  (d)  deter- 
mine the  initial  and,  in  some  cases,  the  life  cycle  cost  of  the  alter- 
nate^) to  be  considered.  In  addition,  some  design  decisions  must  be 
analyzed  in  regard  to  their  possible  impact  on  environmental  and  energy 
conservation  aspects.  The  ability  to  make,  review,  and  evaluate  such 
design  decisions  at  any  stage  of  the  facility  design  process  in  a dy- 
namic way  can  be  a very  powerful  and  effective  use  of  the  computer  as  a 
tool  in  design.  Eventually  the  AEADS  will  be  linked  with  other  software 
systems  being  developed  that  will  monitor  the  construction  and  operation 
phases  of  facilities.  This  linkup  will  provide  a vital  direct  feedback 
mechanism  which  the  AEADS  can  use  to  modify  the  design  criteria  that 
will  be  used  in  future  projects. 

Summary 

The  AEADS  Project  is  a very  ambitious  undertaking,  and  OCE  is 
fully  committed  to  its  development  and  implementation.  The  best  quali- 
fied experts  in  engineering  software  design  and  data  handling  both  in 
and  out  of  Government  will  be  used  in  building  the  system.  Successful 
design  and  implementation  of  the  AEADS  will  depend  in  large  part  on  the 
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joint  cooperation  and  the  concerted  effort  of  Corps  professional  person- 
nel at  all  levels.  It  will  be  field  tested  in  districts,  divisions,  and 
OCE  at  every  step  of  the  way.  The  system's  software  and  hardware  will  be 
designed  with  the  end  user,  the  practicing  engineer  and  architect,  in 
mind.  The  expenditure  in  time  and  resources  will  be  considerable; 
we  believe  the  commitment  will  be  well  worth  the  effort.  Within  the 
next  few  months,  a joint  CW/MC  letter  will  be  sent  to  all  district  and 
division  offices  giving  information  on  AEADS  and  requesting  their  input 
and  support  as  users  in  the  system's  planning  and  development.  Due  to 
its  size,  the  AEADS  Project  development  is  being  coordinated  with  other 
DOD  and  Federal  agencies. 


DAEN-MCE-D 


6 October  1975 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Report  on  the  Corps-Wide  Conference  on  Computer-Aided  Design  in 

Structural  Engineering,  September  22-26,  1975,  New  Orleans,  LA 


1.  Although  the  conference  was  started  in  style  by  the  near  miss  of 
hurricane  Eloise,  there  were  over  180  participants,  with  EURDIV  and 
MEDDIV  being  the  only  divisions  not  represented.  A total  of  eight 
people  from  OCE  participated  in  the  conference,  seven  from  the  Civil 
Works  Directorate,  and  one  from  Military  Construction. 

2.  The  general  session  papers  presented  by  the  CW  Directorate  represen- 
tative and  the  representatives  of  the  various  division  offices  were  ex- 
cellent and  very  enlightening.  It  was  encouraging  to  know  that  so  many 
of  the  divisions  and  districts  are  now  pursuing  effective  use  of  the 
computer  in  structural  design  and  analysis  as  well  as  in  other  areas  of 
the  engineering  profession.  The  specialty  sessions  proved  to  be  very 
productive.  The  session  I chaired  (Matrix  Analysis  Methods,  Frames,  and 
Military  Construction)  was  given  tv  ice  to  a total  of  81  persons.  A list 
of  the  session  attendees  is  inclosed.  In  addition,  the  SEARCH  demonstra- 
tion was  given  a total  of  fifteen  times  by  Dale  Bryant  and  Bruce  Dains 

of  CERL,  so  that  every  conference  participant  received  close  exposure  to 
the  system. 

3.  During  the  general  and  specialty  sessions,  a number  of  serious  issues 
and  important  problems  were  surfaced  and  discussed — some  in  great  detail. 
The  following  are  a few  of  the  more  important  items  that  were  raised. 

a.  The  Corps  is  rapidly  losing  its  in-house  capability  to  do  engi- 
neering design  and  review  work.  The  Corps  is  rapidly  becoming  the 
"Corps  of  Clerks"  instead  of  the  Corps  of  Engineers.  In  addition,  not 
enough  challenging  design  work  is  being  done  in-house  to  adequately  train 
and  attract  or  hold  on  to  young  engineers.  In  the  MC  area,  work  loads 
are  scheduled  without  apparent  regard  for  the  in-house  capability  to 
perform  the  work.  More  often  than  not,  the  short  time  span  allowed  for 
MC  work  does  not  allow  engineers  to  become  familiar  with  the  potential 
benefits  of  computer-aided  design.  It  was  suggested  by  some  division 
speakers  that  if  the  Corps  is  going  to  continue  with  its  current  work 
load  level  and  manpower  level,  then  OCE  should  seriously  consider  farm- 
ing out  to  A&E  consultants  the  preparation  of  project  specifications  and 
estimates,  and  performing  more  actual  design  work  in-house.  The  consen- 
sus of  the  division  speakers,  as  well  as  the  participants,  was  that  un- 
less engineers  are  kept  actively  involved  in  actual  design  work,  they 
will  soon  be  virtually  useless  as  design  reviewers. 


b.  Many  of  those  present  who  are  involved  in  MC  work  expressed  a 
real  need  to  find  ways  to  involve  the  computer  more  in  all  of  the  vari- 
ous phases  of  the  MCA  design  process,  not  just  in  the  technical  design 
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calculation  stage.  In  particular,  the  computer  needs  to  be  applied  more 
at  the  concept  and  review  stages  of  the  design  process.  We  need  to  be 
using  the  computer  to  do  better  design  very  early  in  the  concept  phase. 

c.  The  reluctance  of  supervisors  to  allow  their  people  to  use  the 
computer  in  design  is  due  in  part  to  lack  of  confidence  in  the  computer 
on  the  part  of  the  supervisors.  It  was  suggested  that  a training  pro- 
gram be  instituted  by  the  Corps  to  educate  supervisors  in  the  capabili- 
ties and  benefits  of  computer-aided  design. 

d.  The  general  consensus  of  all  conference  participants  was  that  the 
conference  should  be  repeated  on  a periodic  basis.  One  division  repre- 
sentative suggested  that  consideration  be  given  to  dividing  future  con- 
ferences into  two  parts.  One  part  would  be  specifically  aimed  at  the 
supervisors  and  the  other  part  devoted  to  the  designers.  In  this  way, 
the  short  time  constraints  revealed  in  this  conference  would  be  corrected. 
The  consensus  was  that  there  was  not  enough  time  in  any  of  the  sessions 

to  discuss  the  problems  surfaced  in  adequate  detail. 

e.  It  was  suggested  that  either  an  OCE  or  division-wide  panel  of 
professional  engineers  be  established  to  determine  the  long-range 
computer  hardware  and  software  needs  of  the  Corps.  In  particular,  it 
was  suggested  that  this  high  level,  professional  panel  should  be  rec- 
ommending new  software  development,  procurement,  and  use  throughout 
the  Corps  based  on  projected  Corps  workloads. 

f.  It  was  recommended  that  greater  use  be  made  of  currently  availa- 
ble computer  programs  from  private  industry. 

g.  It  was  requested  that  OCE  provide  funds  and  take  a strong  posi- 
tion with  regard  to  the  proper  and  adequate  documentation  of  in-house 
developed  computer  programs.  Too  many  of  these  existing  programs  are 
virtually  useless  to  people  other  than  the  originator  without  good  user 
documentation.  In  nearly  every  case,  the  author  of  an  in-house  program 
is  either  too  busy  to  properly  document  his  work  or  else  his  supervisors 
discourage  him  from  taking  the  time  to  do  this  very  vital  task.  OCE 
needs  to  recognize  this  need  and  take  positive  steps  to  correct  the 
problem. 

h.  Nearly  all  conference  participants  expressed  a need  to  use  com- 
puter graphics  more  for  pre-  and  post-processing  of  program  data  and 
results.  One  of  the  major  drawbacks  to  using  the  larger  design  and 
analysis  programs  is  the  inordinate  amount  of  time  it  takes  the  pro- 
fessional to  express  his  problem  to  the  computer  and  the  often  very 
complicated  and  time-consuming  problem  of  correctly  reading  and  inter- 
preting the  results.  Computer  graphics  appears  to  have  great  potential 
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in  both  areas.  The  use  of  conversational,  easy  to  use,  and  understand 
man-machine  interface  software  is  another  area  that  should  be  pursued 
more  strongly. 

i.  While  there  were  many  other  very  important  issues  that  were  made 
and  discussed  by  the  participants,  these  are  some  of  the  most  important 
and  were,  by  far,  the  points  on  which  nearly  every  participant  agreed. 

4.  Although  the  material  presented  at  the  specialty  sessions  was  pre- 
dominantly civil  works  oriented,  the  division  papers  and  specialty  ses- 
sion discussions  indicated  about  a 60  percent  to  40  percent  (CW  vs.  MC) 
division  in  participant  interest.  In  addition,  there  was  a general  ex- 
pression on  the  part  of  nearly  all  of  the  participants  for  the  desire  to 
have  OCE  state  clearly  and  definitively  its  policy  and  support  regarding 
the  use  of  computers  in  the  engineering  design  process. 

5.  Sometime  within  the  next  two  months,  representatives  of  WES  will 
make  a formal  presentation  to  the  Civil  Works  and  Military  Construction 
Directorates  on  the  results  and  outcome  of  the  conference.  All  invited 
OCE,  division,  and  specialty  session  speakers  are  due  to  submit  the 
final  drafts  of  their  presentations  as  written  papers,  to  be  included 
in  the  conference  proceedings,  to  WES  by  24  October  1975.  fhe  pro- 
ceedings will  be  published  during  the  first  calendar  quarter  of  1976. 


1 Incl 
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Mr.  William  D.  Ashton  is  a Structural  Design  Engineer  working  with 
the  Rock  Island  District,  Corps  of  Engineers,  Illinois.  He  has  his  BS 
and  MS  degrees  in  Civil  Engineering  from  the  University  of  Iowa.  His 
experience  in  the  design  area  include  the  structural  inspection  and 
evaluation  of  numerous  navigation  structures  and  highway  and  railroad 
bridges,  design  of  several  highway  and  railroad  bridges,  and  other  typical 
Corps  of  Engineers  application  areas.  He  has  been  very  active  in  develop- 
ing computer  programs  for  design-analysis  and  has  taught  several  short 
courses  on  the  "Stiffness  Method  of  Structural  Analysis."  He  is  the 
author  of  numerous  publications  and  is  the  joint  author  (with  Dr.  B.  L. 
Meyers)  of  a book  (to  be  published)  on  "Stiffness  Method  of  Structural 
Analysis. " 

Mr.  Donald  B.  Baldwin  graduated  in  1957  from  the  University  of 
Louisville,  in  Kentucky,  with  a Bachelor  of  Civil  Engineering  degree. 

He  received  an  M.S.  in  Engineering  from  George  Washington  University  in 
1969,  and,  in  1972,  a Mastei  of  Civil  Engineering  degree  from  the  Univer- 
sity of  Louisville.  He  has  worked  as  a Civil  Engineer,  General  Engineer, 
and  as  a Specialist  in  Structural  Dynamics.  Currently,  he  is  employed 
as  a General  Engineer,  Advanced  Technology  Branch,  OCE,  and  is  primarily 
responsible  for  the  planning  and  design  of  AEADS.  In  Kentucky  he  is 
registered  as  a Professional  Civil  Engineer;  he  is  also  a Certified 
Fallout  Shelter  Analyst.  Mr.  Baldwin  is  a member  of  ASCE's  Technical 
Council  on  Computer  Practices,  the  Federal  Construction  Council  of  the 
National  Academy  of  Sciences,  the  Standing  Committee  on  Computer  Tech- 
nology for  the  Building  Research  Advisory  Board,  and  the  Reinforced  Con- 
crete Research  Council.  His  publications  include:  "Professional  Recog- 

nition Through  Registration,"  Civil  Engineering  Magazine;  a technical 
report,  Soil  Thermal  Conductivity  Investigation  for  Underground  Shelters; 
and  co-authorship  on  Design  and  Evaluation  of  a 480-Person  Austere 
Community  Fallout  Shelter. 

Daniel  W.  Reynolds  received  a B.S.  degree  in  Civil  Engineering  from 
the  University  of  Wyoming  at  Laramie  in  1959,  and  holds  an  Engineer ing- 
in-Training  Certificate  issued  by  Wyoming.  He  has  served  with  the  Corps 
as  a Civil  Engineer,  Missouri  River  Division;  and  Construction  Engineer 


Ballistic  Missile  Construction  Office,  in  Denver,  Colorado,  and  Roswell 
New  Mexico.  While  working  as  a Structural  Engineer,  Military  Design 
Branch,  Alaska  District,  he  helped  with  reconstruction  after  the  Prince 
William  Sound,  Alaska,  earthquake  of  1964.  In  the  10  yr  since  joining 
the  Military  Design  Branch,  Sacramento  District,  he  has  worked  in  Gen- 
eral and  Civil  Engineering,  and  is  now  serving  as  a Structural  Engineer 
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